(CSN), a branch of the IXth cranial nerve, contains the primary afferent fibers of baroreceptors of the carotid sinus wall and the-moreceptors of the carotid body. Despite intense interest in the role of this nerve in the reflex regulation of the circulation (24, 29), respiration ( 14, 24) , fluid balance (49, 55) and even sleep, wakefulness, and emotional behavior (3, 4, 7), little is known of its termination in the brain stem nor of its secondary proj ec tions.
On the basis of indirect anatomical evidence derived from degeneration following selective lesions of the roots of cranial nerves V, VII, IX, and X, it has been proposed that the principal site of termination of CSN afferent fibers is in the middle third of the nucleus tractus solitarii (NTS), lying at, and just rostra1 to, the obex ( 15, 28, 48) . From the NTS, second-order neurons ( 11, 37) are believed to relay impulses from the CSN into the underlying reticular formation of the medulla (25, 40) Monosynaptic responses, however, were not identified.
Recently Grill and Reis ( 17) discovered that primary afferent fibers of the CSN could be excited antidromically not only from the NTS but also from the medial reticular formation in regions corresponding to the so-called depressor centers of the medulla ( 1, 12) . This observation suggested a dual termination of CSN fibers in the brain stem. Furthermore, it indicated a short pathway whereby CSN activity could reach the medial reticular formation since secondary projections from the NTS into this area in the cat have not been found (37) .
In order to ascertain if the primary afferent fibers detected in both the NTS and the medial reticular formation terminate in these regions, or are merely en passage, we have recorded with microelectrodes the field and unit potentials in the medulla and pons evoked by electrical stimulation of CSN in the cat. A short-latency response which we believe to be monosynaptic has been found in both the NTS and the medial reticular formation.
In pressure pulse by a cardiotrachometer, was also displayed. End-expired CO2 was recorded by a Beckman infrared CO2 meter in order to maintain alveolar CO2 in these paralyzed, artificially ventilated animals at constant levels of 2-3 %.
The electrical stimulus of the CSN was a 0. I-msec pulse delivered from a Grass S4 stimulator through a Grass RF isolator to the animal. The stimulus current was amplified and constantly displayed on an oscilloscope by methods previously described ( 17). Recording electrodes were capillary-glass microelectrodes filled with 2 M NaCl and fastgreen dye (59) f or marking, and mounted in a Kopf microelectrode drive. Tip diameters ranged from 1 to 30 p and tip resistances were around 1 megohm. Stereotaxic coordinates of the point of entry were determined visually with reference to the obex. The vertical reference was to the surface of the brain at the point of entry.
The conduct of the experiment was as follows: After establishing the viability of the CSN, the threshold current for the vasodepressor response was determined for a stimulus train ( 12-24 set at 80 cycles/set).
The Any penetration in which no evoked activity was seen but which failed to meet these three criteria was eliminated from the study. At the end of the experiment, the animal was perfused with 10 % formaldehyde and the brain was fixed, frozen, and sectioned every 50 1-1. The dye spots were located on unstained sections and the tracks reconstructed.
Sections were then stained by the method of Kluver and Berrera (30) for further analysis.
RESULTS

A) Areas Explored
The distribution of electrode tracks from which potentials were evoked by stimulation of the ipsilateral CSN, projected onto the floor of the IVth ventricle, is illustrated in Fig. 1 Evoked responses were segregated on the basis of peak rather than onset latency since in combined responses (cf.) the onset of the evoked waves could not always be determined. As will be shown, these three responses differed from each other in characteristics other than latency and appear to be generated by distinct neuronal mechanisms.
B) Early Response
The early response is a monophasic negative wave of smooth contour with an onset latency ranging from 0.7 to 1.4 msec and a peak latency from 1.1 to 2.0 msec, averaging 1.5 msec. A representative example of an early response is illustrated in Fig. 3A . Characteristically, the amplitude of the evoked response changes along a track; it never changes form. As the response approaches its maximum, the rising slope of the response becomes steeper. In four instances, a low threshold potential, less than 0,s mv in amplitude, preceded the onset of the early response by 0.4 to 0.5 msec. An example is seen in Fig. 3B . The maximum amplitude of the early response was variable and at times very large. Although usually less than 0.5 mv, in 10 % of cases it ranged between 10 and 20 mv. The duration of the response ranged from 0.5 to 3.5 msec. Spontaneously discharging units were never locked into the evoked response nor could unit activity be discerned in the potential.
With repetitive stismulation, the early response fell to 50 % of maximum amplitude ( the fso) at frequencies below 200 cycles/set, 58 % having an f50 below 100 cycles/set, the remainder ranging between 100 and 200 cycles/set. The early response disappeared following 45 set or less of hypoxia induced by shutting off the artificial ventilation in paralyzed cats and also after 5 mg/kg of intravenous pentobarbital.
The stimulus threshold for the early response is at, or just near, the threshold for the blood pressure response to electrical stimulation of the CSN. With increasing stimulus intensities, the evoked early response increases in amplitude up to stimuli 5 times threshold and then reaches a plateau. to 4.2 mm, averaging 1.9 mm. A typical example of the field of an early response is shown in Fig. 4 . In most cases, the amplitude of the response rises and decays sharply along a track, increasing its size more than 50 % over a vertical distance of 3-400 p that, interestingly, is the approximate area in which CSN fibers can be excited antidromically at threshold intensities ( 17). In addition to a change in amplitude, the peak latency of the early response also changes along a track. Usually the latency shortened as the maximal response was approached, and lengthened as the response diminished in size as the electrode left the maxima (Fig. 4) No contralateral responses were observed.
The brief latency of the early response indicates that it must arise either from neurons excited monosynaptically Fig. 7 tial which, in contrast with the early response, changes its a slower rise and decay of the evoked potentials, c) an .&I shape as well as its size along an electrode track. The vertical usually less than 20 cycles/set with the exception of the extent of the field of the intermediate response is smaller than that of the early response and no shift of the latency of any components is seen as the track progresses through the brain. Some characteristics of this response are indicated in Table 1 l It is recorded primarily from a region running from 0.5 mm behind to 2.0 mm rostra1 to the obex, in most instances in close relationship to the NTS (Fig. 5, A2 and BZ) and is probably identical with the NTS field responses reported by Humphrey (25). The largest and most characteristic form of the response is a negative-positive wave which is recorded within the NTS, in the intermediate portion of the nucleus. A typical example is represented by the medial track illustrated in Fig. 6 . Responses recorded medial to the NTS are similar in form and latency to responses recorded in the nucleus itself but are of smaller amplitude, suggesting they are volume conducted.
With tracks passing lateral to the NTS, the responses are primarily negative; the only suggestion of the positive is a perceptible break in the rising slope of the potential.
Tt is probable, as Humphrey has suggested (25) (Fig. 5, A3 and B3; Fig. 8 ). The characteristics of each of these responses within specific regions are tabulated in Table 2 Late responses recorded in the nucleus medullae oblongatae centralis (Fig. 9B) were uniformly negative throughout the dorsal and ventral portions of the nucleus and usually were elicited in full by CSN fibers at stimulus intensities 5 times threshold.
Occasionally, however, the evoked response in this region would increase with stimulus intensities up to 10 times threshold.
The similarity of the latencies for late responses in the nucleus paramedian reticularis and in the lateral medulla suggests that both regions are excited by pathways from the CSN of approximately equal complexity.
The late responses of the raphe nuclei (Fig. 9B) high threshold CSN fibers contribute to the evoked response. It is thus possible that both multiple synapses and slower conduction in CSN fibers contribute to the longer latency. While evoked slow waves and units were recorded in both the nucleus raphe obscurus and the nucleus raphe pallidus, both the amplitude of the evoked wave response and the density of the evoked unit activity were greater in the nucleus raphe obscurus.
Notable was the absence of evoked potentials in the dorsal motor nucleus of the vagus, and in the nucleus ambiguus. Evoked activity was rare in the inferior olivary nucleus and when it occurred consisted of field potentials without unit activity possibly volume conducted from adjacent regions.
Late responses in pans. In the posterior two-thirds of the pons, late responses were concentrated in a central tegmental area comprising the nucleus gigantocellularis, nucleus pontis centralis caudalis, and the nucleus parvocellularis, and also in pontine nuclei of the raphe. The central tegmental responses were similar in configuration to those of the dorsolateral medullary region (Fig. 10 , B, C, and 0). Although the mean latencies of the pontine tegmental evoked responses were slightly longer than those recorded in the dorsolateral and paramedial regions of the medulla, some overlap was found (Table  2 ) suggesting that relays into the pontine tegmentum are not simply by an ascending polysynaptic route from the medulla.
The principal difference between the late responses recorded in the pontine tegmentum and those recorded in the medulla was in the stimulus intensities evoking the response. In the pons, the amplitude of the evoked response would continue to increase with stimuli up to and even greater than 20 times threshold (Fig. 11) As in the medulla, both amplitude and unit density were greater in the dorsally situated nucleus (n. raphe obscurus) than in the underlying nucleus (n. raphe magnus). The longer latency for the onset of evoked responses in the pontine raphe nuclei suggests that activity is ascending into the pons along a polysynaptic pathway from the raphe region of the medulla.
DISCUSSION
The identification of the early evoked response to electrical stimulation of the CSN as a monosynaptic reflex makes it possible to localize the regions of the brain stem in which the myelinated fibers of this nerve terminate. It appears that the CSN has a dual termination in brain stem, synapsing in both the NTS and in a paramedial zone of the medial reticular formation. The localization of evoked responses in these two regions indicates that the primary afferent fibers, antidromically excited from the same regions by Crill and Reis ( 17), indeed terminate there and are not merely en passage. Localization of terminations of fibers of the CSN in the NTS, particularly within the intermediate portion of the nucleus, confirms the speculation of anatomists ( 15, 28, 48) . On the other hand, discovery that CSN fibers project directly into the medial portion of the reticular formation had not been suspected. While projections from other cranial nerves into the reticular formation have been described (2, 47), our finding is, to our knowledge, the first electrophysiological demonstration of a monosynaptic connection between a peripheral nerve and reticular neurons. Morest (37) has recently shown that lesions of the posterior half of the NTS result in terminal degeneration in the dorsolateral but not medial parts of the medullary reticular formation.
Since the medial reticular nuclei of the medulla appear to mediate the, reflex depressor responses from the carotid sinus (62), Morest's observations leave unanswered the question of how impulses arising in the carotid sinus reach the medullary "depressor" areas. Our findings provide one answer by indicating a direct route with a high degree of synaptic security from CSN into the medial portions of the bulb.
The generator of the early response is uncertain. Because it is graded, it cannot represent the activity of single neurons recorded extracellularly.
It could represent summation of postsynaptic potentials (PSPs) from several neurons without neuronal discharge or, alternatively, the action potentials of a packet of neurons discharging synchronously. The fact that no spontaneously active neurons could be locked into an evoked response, and the absence of discernible unit activity within the evoked wave, make it more likely that the early response consists of PSPs.
The small percentage of the field occupied by the maximal response, the apparent dorsoventral orientation of the field, and the prolongation of the peak latency suggest that after originating in a relatively concentrated area, the evoked activity spreads, primarily dorsoventrally, into extensive dendritic expansions of the excited neurons. There are neurons within this region of the reticular formation with morphological features which could serve as the likely source of the early responses. These neurons, described in detail by the Scheibels (54), are very large with dendritic fields oriented dorsoventrally and, in the kitten, extend almost from the floor of the IVth ventricle to the base of the brain. 
